This paper is devoted to the methodological problems and research findings related to volitional ethanol consumption in animals. The topics discussed include the concept of ethanol preference and the various self-selection methods for testing ethanol preference, such as the two-bottle test and several multiple selection methods. A critique also is presented of the physiological and psychological factors which may govern ethanol selection, including two of the sensory components of drinking (taste and smell), acclimation to ethanol, stress, genetic and nutritional variables, and the recent results pertaining to the biochemical alteration of the central nervous system by the chronic injection of ethanol into the brain.
J. HE PROBLEMS involved in the scientific study of volitional ethanol consumption in animals are by no means simple ones. At the risk of sounding heretical, I would say that these problems are nearly insurmountable. There are two reasons for this statement. First, in this particular area of fluid consumption, perhaps more than in any other, there are an uncommon number of behavioral and physiological variables which interact in an unusually complex manner. If these variables are not astutely considered, or at least recognized in some way, the collecFrom the National Institute for Medical Research, Mill Hill, London, England.
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tion as well as the interpretation of ethanol ingestion data may result in wasted effort. Second, and, again, as in few other fields of scientific endeavor, the differences between the animal and the human in connection with voluntary ethanol intake are remarkable. For the animal, ethanol by the oral route would best be categorized as a drug which exerts a wide variety of peripheral and central effects. For the human, however, ethanol is not only a drug, but in its various forms can be categorized in as many ways as there are cultures. Indeed, the intricate sociopsychological factors related to a person's intake of ethanol, whether moderate or excessive, have no comparable counterpart in animals.
In spite of what is a most difficult pathway for the scientist, animal experimentation is the only logical recourse in the study of ethanol consumption. I will therefore discuss in this paper several important experimental problems which always arise in research on volitional ethanol intake in animals, and will describe also some of the known factors which influence ethanol selection.
Measurement of Ethanol Consumption in Animals

Definition of Ethanol Preference
In studies designed to test the biological or psychological factors which affect voluntary ethanol ingestion, the main variable is the extent of deviation from a baseline reference in the amount of ethanol consumed in comparison with one or more alternative fluids. This deviation is usually expressed in terms of an increase or decrease in preference for a particular concentration of ethanol. However, preference itself may be expressed in several ways. It can be considered as an all-or-none phenomenon in that ethanol preference occurs only if this fluid is consumed exclusively in the presence of another fluid such as water. This concept is rarely used because animals seldom select only one reinforcing substance in a choice situation unless one of the sabstances is noxious. Another alternative is to consider preference in a relative way, as the ratio of ethanol to another fluid consumed. For instance, if a 50-50 ethanol to water ratio is arbitrarily decided upon, ethanol preference would be manifest only if an animal's daily fluid intake consisted of at least 51% ethanol and 49% of another fluid such as water. This definition is equally limited, because if an animal drank 40% ethanol and 60% water then the animal would be classified as a nonpreferer. From what is known about variations in metabolic utilization of ethanol and other factors to be considered later, this animal mav utilize ethanol and be more "alcoholic" (in the broadest sense) than an animal with a
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60-40 ethanol-to-water intake ratio. A third definition, the preference threshold one, is perhaps more suitable than the all-or-none or ratio ones.
For the determination of a preference threshold, each animal acts as its own control and is tested with a number of different concentrations of ethanol in successive test sessions. Figure 1 illustrates two sets of typical preference threshold curves obtained for rats which drank either ethanol (ETOH) or water by responding to an operant lever for each fluid. One group had consumed ethanol in the home cages for 30 days and the other group for 120 days. The amount of ethanol ingested (ordinate) at each concentration (abscissa) is plotted together with the corresponding amount of an alternative fluid, in this case water, so that the two fluid intake curves cross over between discriminable ethanol solutions (e.g., 3-4%) and those which are noxious (e.g., 10-15%). The highest concentration before the ethanol and water intake curves cross is the maximum preferred ethanol concentration, and the preference threshold is the actual concentration at which the two curves meet. This method has the additional advantage that the analysis of preference does not have to be restricted to a single point on a curve but can be extended to the characteristics of the two slopes, so that a clear picture can be seen of a gradual or sudden shift in preference.
A more important advantage of the threshold method for preference measurement is the elimination of the arbitrary and unwise use of a single concentration of ethanol as a test fluid for comparison with water. It is well known that animals vary considerably in their preference for different concentrations of substances such as sodium chloride, quinine hydrochloride, or saccharin. Therefore, the test conditions for fluid preference must be provided which will cover a broad spread of differences between species, between strains, and between individuals within a given strain. To employ a single concentration of ethanol, such as 10%, as a fluid to be preferred or rejected in favor of water, is to provide the most narrow measure for testing any biological or behavioral manipulation on subsequent ethanol choice. By the use of one ethanol solution as the test fluid, the assumption is implicitly made that whatever the ethanol-water consumption ratio, this ratio applies to all other concentrations, whether higher or lower. This assumption is, of course, false (Fig. 1) .
The fallibility of the use of a single concentration can be illustrated by some unpublished data on two groups of rats, designated Group A and Group B. In comparison with water, Group A drank more 4% ethanol than Group B, although both groups consumed mostly ethanol. When 11% ethanol was tested against water, ethanol intakes for both groups declined, but this time Group B drank proportionately more 11% ethanol than Group A. When 18% was offered, neither group drank ethanol. With respect to an experimental variable such as stress, if each subexperiment using 4, 11, or 18% ethanol had been analyzed independently of the other two concentrations, n. is clear that incorrect conclusions would have been drawn concerning the preferences of both groups.
Methods for Preference Testing
The Two-Bottle Test A widely used method for testing fluid preference is the two-bottle test in which water is available in one bottle and the test fluid in the other. Although simple, the method unfortunately is subject to several weaknesses, and when used in conjunction with studies of ethanol preference, the data obtained should be reviewed critically for two principal reasons.
PROBLEM OF POSITION HABIT.
A s long as 35 years ago, Lashley noted that a rat placed on a two-choice jumping stand invariably adopted only one place to which to jump in spite of the consequences. This phenomenon, now called a position habit, frequently occurs in most types of two-choice discrimination problems. During the process of selection between two fluids, the animal makes a spatial discrimination between the positions of the drinking tubes. Unless the fluid at the chosen position is noxious, the rat will persist in selecting its fluid from that location. Even if the tubes are switched daily, this position habit is usually retained. At the end of a month, therefore, the mean intakes of the two fluids would be split equally in terms of volume consumed. By virtue of the inconsistencies in the position habit, some deviations around the 50-50 split in the proportion of test fluid to water often arise. In recording two-bottle test data, individual daily records must be plotted so that the position habit, if it occurs, is reflected in the alternate high and low daily intakes of the test substance, if the two bottles are switched daily. In relation to two-bottle tests for ethanol preference, Gillespie and Lucas 1 reported that in 20 out of 25 rats, preference for 15% ethanol was determined entirely by the positions of the drinking tubes; the so-called "alcoholism" of rats which preferred 15% ethanol was "cured" simply by changing the position of the ethanol dispensers.
LIMITED CHOICE.
Since 6 showed that rats which had preferred ethanol over water rejected ethanol when offered the third choice of a sweetened solution. Zarrow et al* found that endocrine stressors produced a preference for 10% ethanol over water which disappeared as soon as a sugar solution was offered in a third drinking tube. In addition, these authors had to reject the findings of an earlier study which showed that the administration of thiouracil caused ethanol preference; when a third solution of dextrose was offered, ethanol preference disappeared completely in thiouracil-treated rats.
Multiple Selection Methods
As alternatives to the two-bottle method, we have developed several procedures for determining ethanol preference. Each one has been devised so that at least three fluids or two fluids and a solid food are simultaneously available to the animal; in addition, they were designed to minimize the occurrence of a position habit and to maximize the conditions whereby the chosen fluid would reflect actual preference.
TRI-LEVER OPERANT PROCEDURE.
Early in our research" it was found that an animal would "work," by pressing a lever, to obtain an ethanol solution or wine, the principle of which has been confirmed by Mello and Mendelson. 0 This finding led to the notion that a hierarchy of choice can be established if an animal must expend effort in order to meet its daily food and fluid requirements. A three-walled apparatus was designed which contained a lever mounted on each side and a reinforcement well beneath each lever. Figure 2A shows a diagrammatic top view of the apparatus in which a rat obtains a food pellet, a drop of water, or a drop of an ethanol solution simply by depressing the appropriate lever. By substituting a liquid for the food dispenser, the apparatus can also be used to test preferences among three different fluids. Because the animal is totally deprived of food and fluid, a priority for a particular fluid is generated as the animal selects that substance which serves as the most satisfying reinforcer. Thus, this procedure has been found to provide a reliable and clear-cut reflection of an animal's preference. A control group is always required since food deprivation may lead to a condition of stress and caloric deficiency, which under certain circumstances can elevate preference for ethanol.
INTERMITTENT THREE-BOTTLE METHOD.
Two drawbacks of the tri-lever procedure are the requirement of operant training and the necessity of removing the animal from its home cage. Another method 7 has been used in which preference is determined in the living chambers by the use of a modified three-bottle procedure. The advantage of the tri-lever method, i.e., establishment of a reinforcement priority of fluids, is retained. The test solutions are available for a brief test period once or twice a day, and to minimize the development of a position habit, the three fluids are uncovered only for intermittent 30-sec. intervals. As shown in Fig. 2B , a continually rotating cam pushes a metal plate, with appropriately spaced holes, across the apertures of three drinking tubes so that all of the fluids are exposed simultaneously. As the cam turns and the metal plate is drawn back by a spring, the apertures are simultaneously covered in the same way. Between test sessions the positions of the bottles are changed and the animal usually relearns in one 30-sec. interval the position of its preferred fluid. While the fluids are covered the animal usually moves about in its chamber, and this interruption in drinking seems to be the reason why the animal fails to adopt a position habit.
FLUID ARRAY METHOD.
This procedure, which was designed in connection with a study of social factors related to learning 8 and to ethanol preference, differs in several respects from the trioperant and intermittent drinking methods. Between the start box (S) and the goal array, either a simple runway or a maze can be interposed (Fig. 2C) . Generally, less training and a shorter deprivation time is required than for the trilever method. Also a larger number of fluids can be tested concurrently in the goal area.
The procedure is a simple one. Following fluid deprivation, the animal is placed in the start area (S) and when it reaches the goal a fluid is selected. After drinking for 5 sec. the rat is put in a neutral cage for a 1-min. inter-trial interval, and the choice of fluid and amount consumed recorded. Fifty such trials can be run per session, during which all fluids are usually sampled at least once, and by the second 50-trial session, a pattern of choice develops. The positions of the bottles can be changed at any time; however, the inter-trial change in the environment which interrupts the rat's drinking permits the animal to sample each fluid so that a preference can be established.
Factors Affecting Preference
A number of conditions may contribute singly or in combination to an animal's preference for or aversion to ethanol in comparison with other fluids. Let us for a moment break the "laws" and put ourselves in the place of an animal which has just been offered ethanol. First of all, we are confronted by a substance that is very different in nature to that which has previously satisfied our thirst. At first encounter we would probably smell it. Next we would lick the fluid tube and taste it. Finally, if thirsty enough, we would drink this strange fluid. And if a
Taste and Smell
The sensory attributes of ethanol play a significant role in its voluntary selection. 10 The importance of taste was convincingly demonstrated by Lester and Greenberg 2 who showed that the preference for ethanol over water was reversed by offering a third choice of a sugar or saccharin solution, the latter providing no caloric or other nutritional benefit. This finding has been confirmed subsequently by several investigators. 3 ' n An increase in ethanol intake in animals may also occur if caloric intake is restricted; 12 however, even in this condition, the noxious taste of ethanol can eliminate it as a preference. In a series of experiments in which rats had been deprived of food and had sustained losses of up to one-third of their body weight, the animals selected water over 5% ethanol unless they had been briefly acclimated to this concentration. 13 Other rats acclimated to 20% ethanol for as long as 180 days, and with similar losses in body weight, immediately preferred 5% ethanol over water but rejected 20% in favor of water in spite of their profound caloric deficiency. The aversive taste of a strong ethanol solution apparently can off-set the rats' need for its caloric value. In most strains of rats, ethanol preference declines sharply in the range of 5-7% concentrations, 14 '
I:1 even after prolonged acclimation to ethanol. 18 Anosmic rats do not exhibit the normal aversion to ethanol but will consume somewhat higher concentrations in the 10-12%
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range.
1 " Thus, the characteristics of an animal's olfactory sense must also be considered as a determinant of preference.
Acclimation or Experience
Prolonged forced feeding of 10%' 7 or of 8, 10, or 24% ethanol 1 ' doss not evoke a subsequent preference for ethanol of these concentrations. If rats are acclimated to low concentrations of ethanol, preference for solutions of up to 5% can occur. 15 Forced consumption of 5 and 20% ethanol for as long as 120 days has elicited subsequent preference for solutions of up to 8%, but the preference was found to be independent of the concentrations consumed prior to preference testing. 111 Once again, taste may be the limiting factor responsible for preference for low concentrations. For ethanol to be selected after forced consumption, the animal either must (1.) learn ethanol's subtle psychological propertiessuch as its stress-relieving qualities 115 ; or (2.) undergo some sort of metabolic change, which in itself may elevate the preference threshold for the fluid-but only to a level limited by the taste of the particular concentration offered. Therefore, prolonged acclimation to ethanol seems to exert an effect on later preference only insofar as low concentrations are concerned.
Genetic Predisposition and Nutritional Deficiency
A genetic basis for alcohol selection has been subscribed to by Williams, who has based his theory on the notion that certain individuals inherit nutritional deficiencies which may evoke a craving for ethanol. Evidence supporting the theory was derived from the finding that animals maintained on a marginal diet develop an appetite for ethanol, which declines if B and other vitamins are added to the diet. However, thiamine deficiency itself can cause a decrease in food intake which in turn may result in an increase in ethanol consumption. This increase in intake could be due to the animal's attempt to compensate for its caloric deficiency, because a "pure" thiamine deficiency does not result in an increase in voluntary ethanol consumption.
ia Furthermore, the increased preference for ethanol in nutritionally deficient rats is abolished when a third choice, a sucrose solution, is offered in addition to the ethanol and water. 2 -3 These findings seem to implicate a caloric factor in the choice for ethanol under deficiency conditions, but nevertheless do not rule out the interaction of the taste element in fluid preference. Some evidence for a genetic predisposition toward ethanol preference has been shown for G4 rats 20 and for several strains of mice. 21 However, Rodgers and McClearn 11 have recently reported that many strains of mice, including those which prefer ethanol, show a significantly greater preference for a sucrose solution than for either water or ethanol. Once again, the methods used in assessing preference appear to determine the results. In the final analysis, research utilizing more appropriate methods for testing preference is required if the complex roles of genetic and nutritional factors are to be clarified.
Stress
Voluntary ethanol selection has been related to an animal's level of emotionality. 22 Adamson and Black, 23 on the basis of their findings, postulated that ethanol intake in animals was primarily a "device" for the relief of tension. Casey 2 ' 1 reported that the stress of electric shock evoked an increase in ethanol consumption but unfortunately the maximum intake occurred 16 davs after the shock period was terminated, which did not correlate with the period of stress. On the other hand, monkeys show an almost immediate increase in ethanol consumption during conditioning for avoidance of electric shock. 25 A more subtle form of psychological stress, produced by extinction of operant responses, has also been related to ethanol consumption. In a series of experiments, 13 it was shown that rats which had always rejected 20% ethanol in the tri-operant test emitted the greatest number of extinction responses at the lever which would have given this concentration. When meprobamate was administered, the extinction responses shifted from the ethanol to the water lever; the drug -apparently relieved the stress of extinction and hence responses were emitted which were characteristic of normal animals. 18 Zarrow et al* found no increase in voluntary ethanol consumption following alterations in endocrine balance produced surgically or pharmacologically. The cause of an increase in ethanol intake under conditions of stress rests probably in a mechanism within the central nervous system.
Chemical Alteration of the CNS
The role of the central nervous system in human alcoholism is poorly understood, but there are three lines of evidence which suggest that in alcoholism the brain may be the mediating target organ. First, ethanol intoxication is derived from the action of the drug or its metabolic derivatives on the CNS. Second, although alcohol acts directly upon the CNS, it is generally agreed upon that neural tissue does not metabolize ethanol except in trace amounts. Third, ethanol possesses potent stress-relieving attributes which may require considerable time to learn. 18 This evidence leads to the hypothesis that with an organism's persistent ingestion of ethanol, a biochemical change occurs within one or more cerebral structures "subserving" drinking, emotion, and other related behavior patterns. Ethanol or one of its metabolic intermediaries PSYCHOSOMATIC MEDICINE could then become linked with the specific cellular metabolism of a particular neural structure. The hypothesis is supported in part by the findings over the last ten years that specific brain structures differ in their respective chemical and hence metabolic activity. 20 To examine this hypothesis empirically, the biochemical function of the brain was altered in vivo, without involving other bodily systems, to determine whether preference for ethanol would arise. Experiments were designed in which ethanol was injected directly into the brain in such minute amounts that the systemic or ingestive properties of ethanol were not involved. 7 Each of a group of naive rats was implanted with a unilateral syringe needle cannula with the tip resting in the lateral cerebral ventricle. 27 The cannula of each animal was connected via polyethylene tubing to an infusion pump according to the diagram shown in Fig. 3 . The conscious, unrestrained rat was then placed on an automatically programmed infusion schedule of 100 intraventricular microliter injections per day for a 10-day period. Several concentrations and volumes of ethanol as well as isotonic saline were infused.-s Following as many as 1000 injections, each rat was examined for its fluid preference by the tri-operant threshold method; during this testing period infusion was continued at the rate of 100 injections per day. Figure 4 graphs the differences in ethanol preference as a direct function of the amount of elhanol injected into the cerebral ventricles before and during testing. It should be noted that none of the animals had any previous experience with ethanol and that they were of the same strain as those that reject solutions of ethanol over 5%. To show the relationships between the concentration of ethanol infused intracranially and the actual amount of ethanol ingested in the test apparatus, Table 1 lists the mean grams of ethanol consumed at each concentration by each of the infused groups.
Again, the dose-response relationship holds between the intraventricular amount of ethanol and the amount taken orally.
To determine the latency of the change in preference following the intracerebral administration of ethanol, a new procedure was adopted which permitted animals to receive injections throughout the periods of preference testing (Fig.  2B) . Following cannula implantation and fluid deprivation, the intermittent drinking apparatus (Fig. 5 ) was activated 12 hr. after the start of intracranial injections (ICI) of 2 /A. of 10% ethanol given every 15 min. Subsequent preference determinations were carried out at 12-hr, intervals for the first 2 days, then once a day thereafter.
28 Figure 6 graphs the sharp increase in ethanol preference followed by sustained preference even •NaCl (control).
after the injections were discontinued on the fifth day. Five days of ad lib access to water did not alter the preference, and hydroxyphenamate or meprobamate treatment on Retest Days 6 and 7 also did not reduce the intake. That is, 17 days after the cessation of ethanol infusion into the brain, preference for the fluid persisted. It appears that the amount of ethanol (or perhaps one of its meta- although the ethanol-infused animals tended to sleep for longer periods than saline-infused or normal rats. Although easily awakened, the ordinarily tame animals frequently displayed signs of aggressiveness and after prolonged infusion often attempted to bite the experimenter.
Another finding concerned the effects of a single injection of a large dose of ethanol into the cerebral ventricles. When 5 or 10 /A. of a 10% ethanol solution was injected into the rat, there were no indications of "inebriation," but only a slight increase in respiration and mild tachycardia. In unanesthetized cats, solutions of ethanol ranging from 2 to 20% have been injected through a cannula implanted in the lateral ventricle (Fig.  7) . Once again, no clear-cut physiological or behavioral change occurred other than a slight and only transitory agitation following the injection of a 20% solution.
Since the effects of acute intraventricular injections of ethanol are imperceptible, the small doses given over a long period and in a continuous fashion seem to exert some sort of action on the structures lining the walls of the cerebral ventricles-such as the hypothalamus, hippocampus, amygdala, caudate nucleus, or septum. It is possible that the ethanol preference so clearly manifest in chronically infused rats was due not to a "pleasurable" experience of constant inebriation but rather to ethanol's alteration of the basic drinking or thirst mechanism. Because drugs can bring about specific physiological changes by penetrating the ependymal lining of specific regions of the cerebral ventricles, 29 it is tempting to suggest that the intracerebral presence of ethanol for protracted periods could interfere with the hypothalamic-limbic "drinking" and/or emotional systems. These mechanisms may ultimately be found to be controlled by a delicate balance in the presence and subsequent release of the endogenous biogenic amines.
Summary
This paper centers upon two main topics: (1.) the general problems in the measurement of voluntary ethanol consumption in animals, and (2.) a critical, selective review of the important factors which influence ethanol preference.
Various concepts of ethanol preference are considered including ratio definitions and the concept of a preference threshold. In tests for ethanol preference, a threshold method is more appropriate than the use of a single concentration of ethanol such as a 10% solution. When only one test concentration is employed, the assumption is made that the ethanol-
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to-water preference relationships are the same for all concentrations of ethanol. This assumption is false.
Specific methods for ascertaining preferences are described. Weaknesses of the two-bottle test are discussed-including the problem of the position habit and the fact that the choice of a third fluid may completely alter the pattern of fluid preference with two test fluids. Applicable procedures for testing fluid preferences are described, including the trilever operant, the intermittent threebottle, and the fluid-array methods.
Numerous factors have been shown to contribute to an animal's ethanol preference, if it is genuinely manifest. Taste stands out as a key factor since this sense limits the choice of ethanol even under conditions of caloric deficiency. Experience with or acclimation to ethanol evokes a preference for the fluid, but only for low concentrations. Although some evidence points to a genetic predisposition toward ethanol preference in at least some species, additional research employing a wide variety of experimental methods is required to clarify the role of genetic and nutritional influences. Tension or experimentally induced stress in an animal's environment may also affect the pattern of ethanol selection. Finally, experiments are described which show the effects of repeated intracerebral injections of ethanol in animals which normally do not select even low ethanol concentrations. Following chronic injections of several doses of ethanol for 10 days, increases in preference for ethanol occurred and were found to be directly related to the dose of intracranial ethanol given. As a result of these findings, it was hypothesized that a cellular change of a biochemical nature takes place in the brain stem with prolonged ingestion of ethanol, and that this change may be the factor which governs voluntary ethanol consumption.
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